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Ectopic expression of a chimeric colony- stimulating 
factor- 1/TrkB-receptor promotes CSF-1 -dependent 
survival of cultured sympathetic neurons. 
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The regulation of the density of innervation and the promotion 
of survival of neurons are the original effects depending on 
neurotrophins. Here we analyse such effects evoked by trkB 
-tyrosine -kinase-intransfected"PC12-cellsand^transfe'Cte" 
sympathetic neurons. In order to exclude the previously 
described modulation of trk kinase activity by the extracellular 
activation of the low-affinity p75 neurotrophin receptor, we 
applied a chimeric receptor approach: The extracellular domain 
of colony-stimulating factor- 1 (CSF-1) receptor was fused to 
the transmembrane and cytoplasmic domain of the trkB 
tyrosine kinase receptor, allowing its selective activation by 
the heterologous ligand. Protein expression and CSF-1- 
induced tyrosine phosphorylation of the chimeric receptor 
protein was demonstrated in transfected COS cells. After stable 
transfection into nerve growth factor (NGF)-responsive PC 12 
cells, CSF-1 mediated the K252a-sensitive induction of fiber 
outgrowth. Furthermore, we were able to show by 
heterologous expression of the chimeric receptor, that 
activation of trkB tyrosine kinase activity is sufficient to 
promote survival of neurotrophin deprived sympathetic 
neurons. 
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The regulation of the density of innervation and the 
promotion of survival of neurons are the original effects 
depending on neurotrophins. Here we analyse such ef- 
f cts evoked by trkB tyrosine kinase in transfected 
PC12 cells and transfected sympathetic neurons. In or- 
der to exclude the previously described modulation of 
trk kinase activity by the extracellular activation of the 
low-affinity p75 neurotrophin receptor, we applied a 
chimeric receptor approach: The extracellular domain 
of colony-stimulating factor-l (CSF-1) receptor was 
fused to the transmembrane and C3^oplasmic domain of 
the trkB tyrosine kinase receptor, allowing its selective 
activation by the heterologous ligand. Protein expres- 
sion and CSF-1 -induced tyrosine phosphorylation of the 
chimeric receptor protein was demonstrated in trans- 
fected-COS cells. After stable transfection into nerve" 
growth factor (NGF) -responsive PC12 cells, CSF-1 medi- 
ated the K252a-$ensitive induction of fiber outgrowth. 
Furthermore, we were able to show by heterologous ex- 
pression of the chimeric receptor, that activation of 
trkB tyrosine kinase activity is sufficient to promote 
survival of neurotrophin deprived sympathetic neu- 
rons. © 1998 Academic Press 



The neurotrophins, nerve growth factor (NGF), brain- 
derived neurotrophic factor (BDNF), neurotrophin-3 
(NT- 3) and neurotrophin-4/5 (NT-4/5) are essential for 
normal development and maintencince of the vertebrate 
nervous system (2, 3, 26). Among the most prominent 
effects of neurotrophins are the promotion of neuronal 
survival, the regulation of the density of innervation (35), 
the induction of mitosis in neural or glial cell lineages 
(5, 1 1) and the modulation of synaptic transmission (25, 
27). Neurotrophins transduce their effects into the cyto- 
plasm by binding to the trk receptors, a family of receptor 
tyrosine kinases named trkA, trkB and trkC. These 
three trk receptor types exhibit restricted neurotrophin 



ligand specificities: NGF binds to trkA, BDNF and NT4/ 
5 bind to trkB, NT-3 binds to trkC (2). A fourth neuro- 
trophin receptor, the p75^^™ is a member of the tumor 
necrosis factor receptor family and binds to all neuro- 
trophins with about equal low affinity (31). 

The p75'^^^ receptor fulfills defined functions in the 
nervous system (18, 30): In p75'^^^ gene knock out mice, 
peripheral sensory innervation of the skin was severely 
impaired (22) and the sensitivity of neurotrophins was 
reduced in trigeminal neurons (10) or in sympathetic 
neurons (23, 24). Furthermore, the p75^^*^ seems to 
be responsible for apoptosis of several populations of 
neurons (40, 45) and oligodendrocytes (9). In addition 
it has been reported recently, that p75^^^ mediates ac- 
tivation of sphingomyetoase^(12)_and_transcripti^^ 
tor NFKB~(8)7Thus, the p75^'^'^ may transduce its ef- 
fects by intrinsic mechanisms which resemble those of 
the other members of the p75'^^^ protein family such 
as 0x40, CD40, TNF-I receptor, and Fas (19). 

Apart from these evidences for an own p75^^^ specific 
signalling mechanism several lines of evidence suggest 
that p75^^^ might function as a positive or negative 
modulator of the trk receptors. First, selective disrup- 
tion of the extracellular interaction between NGF and 
py^NTR various methods showes a decrease in the 
trkA receptor autophosphorylation and c-fos mRNA in- 
duction in PC 12 cells (4). Second, by using an intracel- 
lulary truncated p75'^^^, an enhanced stimulation of 
mitosis by activation of trk receptors was observed in 
transfected fibroblasts (15) . Third, there is first evi- 
dence for a physical interaction between both receptor 
types (17, 32, 38). 

Such observations implicate that any effect of trk 
kinase activated by neurotrophins may be modulated 
by coactivated p75^^'^. In order to analyse selectively 
trkB receptor mediated effects, we aimed to prevent 
the extracellular binding of p75'^^^ by using a chimeric 
receptor. We fused the extracellular domain of the CSF- 
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1 receptor, c-fms, with the transmembrane and cyto- 
plasmic domain of trkB. Here, we describe the proper- 
ties of this chimeric neurotrophin receptor (ft-B) after 
transient or stable transfections into COS cells and 
PC 12 cells as well as its survival promoting effect on 
transfected sympathetic neurons. 

MATERIALS AND METHODS 

Growth factors and antibodies. NGF was purified according to the 
method of Suda et aL (1978) (34) and recombinant mouse CSF-l 
was purified as described (20), or purchased from R&D Systems, 
Wiesbaden, Germany. A polyclonal panreactive trk antibody Ab-1 
raised against the C-terminal 14 amino acids of trkA, was purchased 
from Oncogene Science, Uniondale, NY. Monoclonal anti-phosphotyr- 
osine antibody 40 10 and anti-MAP kinase R2 antiserum were pur- 
chased from Upstate Biotechnology Incorporated, Lake Placid, NY. 

Construction of the chimeric receptor. Sequences encoding a part 
of the extracellular domain (amino acids 422-510) of c-fms were am- 
plified by polymerase chain reaction (PGR) using specific oligonucleo- 
tides including restriction sites for Kpnl and EcoRV. The introduc- 
tion of an EcoRV restriction site using a mutated 3 '- oligonucleotide 
leads to a change from glutamate to aspartate in the last amino acid 
of the extracellular domain of c-fms. This fragment was subcloned 
into bluescript plasmid (Stratagene). Sequences encoding the trans- 
membrane and cytoplasmic domain (amino acids 427-818) of chicken 
trkB were amplified by PGR using specific oligonucleotides. The 5'- 
oligonucleotide carried an EcoRV restriction site without affecting 
the amino acid sequence of trkB. The 3 '-oligonucleotide binds to 
the 3'-nontranslated region of trkB mRNA and carried an EcoRI 
restriction site. The resulting PGR-fragment was first subcloned in 
bluescript plasmid (Stratagene), excised by EcoRV and NotI and sub- 
cloned into EcoRV-NotI linerarized bluescript plasmid bearing the 
KpnI-EcoRV fragment of the extracellular domain of c-fms. This plas- 
mid was linearized with NotI and partially digested with Kpnl. The 
resulting fragment was ligated simultanously with a BamHI-Kpnl 
restriction fragment coding for the rest of the extracellular domain 
(amino acids 1- 421) of c -fms into the ex pressi on vector pcDNAneo 
(Invitrogene) leading to plasmid pcftB. All PGR fragments were se- 
quenced using sequenase version 2.0 (Amersham). Expression plas- 
mid pcepftB was constructed by subcloning of a BamHI fragment of 
pcftB, containing the complete coding sequence of the chimeric recep- 
tor into expression vector pGEP 4 (Invitrogene). 

Cell lines and cell culture. G0S7 cells were maintained in Dulbec- 
co's modified Eagles medium (DMEM) supplemented with 10 % fetal 
calf serum at 10 % GO2 atmosphere. PG12 cells were cultured in 
DMEM supplemented with 10 % horse serum and 5% fetal calf serum 
at 10% GOz atmosphere. Transient transfection of G0S7 cells using 
the DEAE-dextran method was done as described (1). Transient as 
well as stable transfection of PGl 2 cells was performed using Lipofec- 
tin (Gibco BRL) at 15 ^tg/nil and DNA at 2 ^g/ml according to the 
instructions of the manufacturer. Three days after transfection, sta- 
ble cell lines were selected by addition of 400 //g/ml geneticin (Gibco 
BRL) or 250 yiglmX hygromycin (Boehringer Mannheim). Following 
4 weeks of selection, independent colonies were isolated and ex- 
panded. To generate a cell line expressing a higher expression level 
of the chimeric receptor, we supertransfected cell line K2.2 with 
plasmid pcepftB and using hygromycin selected the cell line S 1 . 

Fiber outgrowth assay of PC 12 cells and survival assay of primary 
sympathetic neurons. PG 1 2 cells and the transfected cell lines were 
grown on polylysine coated plastic dishes. They were treated for 3 
days with or without addition of NOP (100 ng/ml) or GSF-1 (0- 3x 10^ 
units/ml). In at least 15 random fields (200x magnification) con- 
taining 40-60 cells, the percentage of cells with fibers longer than 2 
cell diameters were determined. 



Ghick sympathetic neurons (Embryonic day 12, El 2) were prepared 
as described (43) and cultured in F14 medium containing 10 % horse 
serum and 20 ng/ml NGF. One hour after plating on polyornithine/ 
laminin coated culture dishes, cells were transfected as described 
using a mixture of 0.2 /ig pcftB plasmid and O.l^g pEGFP-N plasmid 
(Glontech) and 6 //I effectene reagent according to the instruction of 
the manufacturer (Quiagen, Hilden, Germany). After 18 hours, the 
medium was changed, 24 hours after transfection, the medium was 
aspirated and cells were washed four times with F14 medium. Fi- 
nally, the medium was replaced with F14 medium containing 2 % 
horse serum and 7,5 ng///l Anit-NGF antibody (Boehringer, Mann- 
heim). The medium was supplemented with 100 ng/ml mouse GSF- 
1 or left untreated. Gells expressing the green fluorescent protein 
(GFP) were counted immediatly after neurotrophin deprivation and 
48 hours later using an Axiovert 35 fluorescence microscope (Zeiss). 
Signals were monitored through a 450/490 nm pass filter. 

Immunoprecipitation and Western blotting. Transfected G0S7 
cells were labeled with ^^S- methionine and ^^S-cysteine for 6 hours. 
Gells were lysed in lysis-buffer (50 mM Tris pH 7.4. 150 mM NaGl, 
40 mM NaF, 5 mM EDTA, 5 mM EGTA, 1 mM Na3V04, 1% (w/v) 
sodium-deoxycholate, 0,1% (w/v) SDS, 10 /xg/ml aprotinin, 10 /Ag/ml 
leupeptin, 1 mM phenylmethylsulfonylfluorid (PMSF). The chimeric 
receptor was immunoprecipitated using 2 ^g panreactive trk anti- 
body and protein A-sepharose for 4 h. The pellet was washed 4 times 
with lysis-buffer and samples were separated by 6% SDS-polyacryl- 
amide gel electrophoresis (SDS-PAGE) prepared by the method of 
Laemmli (1970) (21). The gel was dried and autoradiographed over 
night. If not stated otherwise, the slab gels consisted of a 3% stacking 
gel and a 6% or 8% seperating gel. For determining autophosphoryla- 
tion, transiently transfected G0S7 cells were stimulated for 10 min 
with GSF-1 and the chimeric receptor was immunoprecipitated as 
described above without radioactive labeling. After separation by 6% 
SDS-PAGE, proteins were transferred to nitrocellulose and probed 
with anti-phosphotyrosine antibody 4G10. Blots were developed us- 
ing the EGL chemiluminescence detection kit (Amersham). For ana- 
lysing tyrosine phosphorylation of proteins in PG 1 2 cells and stable 
transfected clones, cells were stimulated with NGF (100 ng/ml) or 
GSF-1 (3X10^ units/ml) for 10 min., washed twice with ice cold PBS 
(150 mM NaGl, 4 mM NaH2P04, 16 mM Na2HP04, pH 7.3) and lysed 
in lysis-buffer. Equal amounts of protein were separated by SDS- 
PAGE; transferred to nitrocellaros^and probed with an ahti-phos^ 
photyrosine antibody as described above. 

To analyse the phosphorylation state of MAP kinases, we used low 
crosslinker SDS-polyacrylamide gels consisting of a 5% stacking gel 
and a 15% separating gel. 

RESULTS 

Construction of the Chimeric Receptor, Expression 
and Ligand Dependent Autophosphorylation 
in COS7 Cells 

A chimeric receptor consisting of the extracellular 
ligand binding domain of the CSF-l receptor (c-fms) 
and the transmembrane plus cytoplasmic domain of 
trkB was constructed as described in materials and 
methods (Fig. 1). After transient transfection of COS7 
cells with the plasmid pcftB, immunoprecipitation ex- 
periments with a panreactive anti-trk antibody identi- 
fied a protein in the range of 150 RDa (Fig. 2A, lane 2). 
The size of the detected protein corresponds well to the 
size predicted for the chimeric receptor. In addition, a 
protein of lower molecular mass was detected with less 
intensity. This protein probably represents a partially 
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FIG. 1 . Schematic representation of wildtype and chimeric recep- 
tors. The transmembrane region is represented by a vertical bar. 



glycosylated receptor precursor protein. These proteins 
were not observed in mock transfected cells (Fig. 2A, 
lane 1). In order to determine whether CSF-1 is able 
to induce the autophosphorylation of the chimeric re- 
ceptor. COS7 cells, transiently expressing the ft-B re- 
ceptor were mock treated or stimulated with CSF-1. 
The receptor was precipitated with panreactive anti- 
body against trk, proteins were fractionated by SDS- 
PAGE, blotted to nitrocellulose, and probed with a 
monoclonal antibody against phosphotyrosine. The re- 
sults of this experiment, shown in Fig.2B, revealed that 
tyrosine phosphorylation of the chimeric receptor in- 
creased 2-fold upon stimulation with CSF-1. 

CSF-1 Induces Fiber Outgrowth in Stably 
Transfected Cell Lines 

In order to analyse CSF-1 promoted fiber outgrowth 
and survival of serum deprived PC 12 cells, we generated 
stable cell lines by transfection.of these cells-v^dth plasmid- 
pcftB followed by selection with the antibiotic 04 18. Sev- 
eral independent cell lines were generated and screened 
for morphological response to CSF-1. The cell line K2.2 
showed the strongest response to CSF-1 and was further 
characterized (Fig. 3). By supertransfection of cell line 
K2.2 we generated cell line SI (see Materials and Meth- 
ods). As measured by Northern-blotting cell line SI 
showed a 2-fold increase in the expression of the chimeric 
receptor than cell line K2.2 (data not shown). 

Cell lines K 2.2 and SI responded to CSF-1 with fiber 
outgrowth in a dose dependent manner (Fig. 4). The 
dose response curves between clone K2.2 and SI were 
nearly identical. At 3x10^ units/ml CSF-1, which was 
the maximal concentration tested, cells carrying fibers 
reached a relative number of 26% (K2.2) or 33% (SI). 
The CSF-1 induced fiber outgrowth was completely 
blocked by K252a (200 nM), which specificially inhibits 
the trk tyrosine kinase (28). 

CSF-1 Induces Tyrosine Phosphorylation of MAP 
Kinases in Stable Transfected PC 12 Cells 
To determine whether the chimeric receptor medi- 
ates tyrosine phosphorylation of substrate proteins in 



PC 12 cells, wildtype PC 12 cells and cells of clone SI 
were treated with CSF-1 or NGF. Total proteins were 
fractionated by SDS-PAGE, blotted to nitrocellulose 
and probed with a monoclonal anti-phosphotyrosine 
antibody. CSF-1 induced the tyrosine phosphorylation 
of proteins with a molecular mass of 42kDa and 44kDa 
(Fig. 5A). These proteins were identified as MAP ki- 
nases by showing the characteristic shifts in the elec- 
trophoretic mobility indicating their phosphorylation 
(Fig. 5B, C). The overall tyrosine phosphorylation in- 
duced by CSF-1 was low and probably reflects the lower 
expression level of the chimeric receptor ft-B compared 
to the endogenous trkA receptor (data not shown), 
which mediates the NGF dependent tyrosine phosphor- 
ylation. 

CSF-1 Promotes Selective Survival of Sympathetic 
Neurons Transfected with the Chimeric ft-B 
Receptor 

Having established the functional integrity of the 
chimeric ft-B receptor in PC 12 cells we analysed its 
capability to promote neuronal survival directly by 
transfecting chick sympathetic neurons with pcftB. 
Successful transfection of neurons was indicated by 




B 



+ CSF-1 



FIG. 2. Expression and tyrosine phosphorylation of the chime- 
ric ft-B receptor. A: C0S7 cells were transiently transfected with 
control vector pcDNAneo (lane 1) or chimeric receptor expression 
vector pcftB (lane 2) and radiolabeled with ^^S methionine/cys- 
teine. Cells were lysed and receptors were immunoprecipitated 
with polyclonal pan-reactive trk antibody. Samples were subjected 
to 6% SDS-PAGE, the gel was dried and expression was monitored 
by exposure of the gels to X-ray films overnight. Molecular weight 
markers are indicated in kilodalton (kd). B: C0S7 cells transiently 
expressing ft-B receptor were stimulated with CSF-1 (+) or left 
untreated (-). Proteins were separated as described under A., elec- 
trophoretically transferred to nitrocellulose and probed with an 
anti-phosphotyrosine antibody. 
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FIG. 3. CSF-1 induced fiber outgrowth in PC 12 cells stably transfected with chimeric ft-B receptor, but not of wildtype PC 12 cells. 
Wildtype PC 12 cells and cells of stably transfected cell line K2.2 were grown on laminin for 3 days. Cells were mock- treated or treated 
with CSF-1 (3x10^ units/ml) or NGF (100 ng/ml). The bar indicates 100 ^m. 



coexpression of the enhanced green fluorecent pro- 
tein. 24 hours after transfection, neuronal cultures 
were deprived of neurotrophin and supplemented 
with CSF-1 or mock treated. The number of cells ex- 
pressing the green fluorescent protein was deter- 
mined immediatly after neurotrophin deprivation as 
well as 48 hours later using fluorescence microscopy 
(Fig. 6). We observed a significant ligand dependent 
enhancement of neuronal survival of sympathetic 
neurons expressing the chimeric receptor (78 % sur- 
vival) compared to control transfected cells (33 % sur- 
vival). This result indicated for the first time that a 
chimeric trkB receptor is able to promote survival of 
primary neurons, similar results were observed us- 
ing stable cell lines K2.2. Si after serum deprivation 
(data not shown). 



DISCUSSION 

While the knowledge about trkA mediated signal 
transduction mechanisms is considerably advanced, in- 
vestigations of trkB receptor signal transduction are 
sparse. Here we focused on the trkB-mediated fiber 
outgrowth in PC 12 cells and its survival promoting ac- 
tivity on primary sympathetic neurons after neuro- 
trophin deprivation. We had to take into account that 
in several neuronal cell types the trkB receptor and 
the low-affinity receptor pTS'^^ are coexpressed (6, 37) 
implicating a possible p75'^ mediated modulation of 
trkB receptor activity (4, 15, 36). In order to generally 
exclude the ligand-mediated extracellular binding of 
py^NTR constructed a chimeric receptor ft-B by fus- 
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FIG. 4. Dose response curve for CSF-1 induced fiber outgrowth, 
NGF and CSF-1 are able to Induce fiber outgrowth to the same extend 
in clones K2.2 and SI. Cells of clones SI (open circles) and K2.2 
(closed circles) were grown on polylysine coated plastic dishes and 
treated for 3 days with the indicated concentrations of CSF-1. The 
data for treatment of SI and K2.2 with K252a (200 ng/ml) and CSF- 
1 are represented by filled squares. Responsivness to NGF (lOOng/ 
ml) is indicated by the bar chart. The number of cells showing fiber 
outgrowth > two cell diameter were determined and their percentage 
is shown. Data represent the mean of 15-20 random fields +/- SD. 



ing the extracellular domain of the CSF-1 receptor with 
the transmembrane and cytoplasmic domain of trkB. 

First, we tested the functional integrity of the chime- 
ric receptor: The cDNA construct (Fig. 1) was trans- 
fected and expressed in COS cells. We observed a 2- 
fold stimulation of the receptor autophosphorylation by 
CSF-1 (Fig. 2). The high basal tyrosine phosphorylation 
is possibly due to the high expression level of the chime- 
ric receptor ~ft-B~ashas~B(een~shownfoP^ trkB 
receptor (14). 

Next, we produced stable transfectants and were 
able to demonstrate CSF-1 -induced fiber outgrov^h, 
which was slightly enhanced in clone SI as compared 
to clone K2.2 (Fig. 4). This result is in line with the 
previously observed positive correlation between trkA 
expression levels and intensity of NGF-induced fiber 
outgrowth response (16). 

The data presented here are in agreement with the 
finding that chimeric TNF-a/trk receptors after tran- 
sient transfection of PC 12 cells promote TNF depen- 
dent fiber outgrowth (7, 33). 

In order to approach the mechanism of the CSF-1- 
mediated fiber outgrov^h, we used K252a as an inhibi- 
tor of trkB kinase. The ft-B receptor-induced fiber out- 
growth was completely inhibited by K252a, suggesting 
a receptor tyrosine kinase-dependent mechanism. Con- 
sistently, CSF-1 -induced ft-B activation resulted in an 
elevated level of substrate tyrosine phosphorylation in 
transfected, but not in wildtype PC 12 cells. In particu- 
lar, we observed an increased tyrosine phosphorylation 
of the mitogen activated kinases (MAPK/ERK) p42 and 



p44, which are also tyrosine phosphorylated by NGF 
(29) (Fig. 5). 

There is an ongoing discussion about involvement of 
the pZS*^ receptor into neuronal apoptosis (40, 45) and 
its physicad as well as functional interaction with the trk 
receptor family (39, 41). Due to our chimeric receptor 
approach we prevent extracellular activation of the 
pygNTR u^gpefQre determined the survival promoting 
capabilities of the chimeric ft-B receptor by its heterolo- 
gous expression in sympathetic neurons. We were able 
to show a clear ligand dependent survival promoting ef- 
fect of the chimeric ft-B receptor, indicating that activa- 
tion of trkB tyrosine kinase activity is sufficient to pro- 
mote survival of sympathetic neurons (Fig. 6). 
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FIG. 5. CSF-1 induced tyrosine phosphorylation in clone SI but 
not in wildtype PC 12 cells. A: SI and control PC 12 cells were mock 
treated or treated with CSF-1 or NGF for 10 min. Cells were lysed 
and equal amounts of proteins were separated by SDS-PAGE, trans- 
ferred to nitrocellulose and probed with an anti-phosphotyrosine an- 
tibody. B: Protein samples from A were subjected to high resolution 
SDS-PAGE transferred to nitrocellulose and probed with an anti- 
MAP kinase antibody. C: The blot from B was stripped and probed 
with a monoclonal antibody to phosphotyrosine. The electrophoretic 
shift of p42 and p44 MAP kinases as well as the factor-induced tyro- 
sine phosphorylations are indicated by arrows. 
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FIG. 6. A: Survival of neurotrophin deprived sympathetic neurons 
promoted by CSF-L Cells were grovm on polyomithine/laminin coated 
plastic dishes and transfected as described in materials and methods 
(pcftBexpression vector for chimeric ft-B receptor, pcneoempty vector). 
24 hours after transfection, the medium M^as replaced with F14 me- 
dium/2% horse serum containing 7,5 ng/ml Anti-NGF antibody and 
the indicated factors. The number of neurons expressing the green 
fluoresent protein was determined directly after neurotrophin depriva- 
tion as well as 48 hours later by fluorescence microscopy. NGF and 
CSF-1 were used at a concentration of 20 ng/ml or 100 ng/ml, respec- 
tively. Data represent the mean +/- SD (n =3). B: Phase contrast 
photograph of CSF-1 treated with pcftB transfected sympathetic neu- 
rons two days after NGF deprivation, note the only healthy neuron 
(arrow) among many dead cells is transfected as indicated by expression 
of the green fluorescent protein (C), magnification 320X. 

During inflammatory and degenerative conditions 
CSF-1 is secreted by glial cells of the nervous system 
(42, 44). Thus, the chimeric receptor described here, 



when expressed under the control of a neuron specific 
promotor could be a promising tool for gene therapie 
promoting neuronal survival selectively after injury. 

Our data represent the first characterization of a chi- 
meric trk receptor within PC 12 cells and a primary 
neuronal cell system. Taking together, we were able to 
show CSF-1 dependent fiber outgrowth in PC 12 cells 
expressing the chimeric trkB receptor. Furthermore we 
demonstrated that selective activation of trkB receptor 
tyrosine kinase is sufficient for survival of sympathetic 
neurons after neurotrophin deprivation. 
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comprises three homologous domains that assemble to form a 
heart-shaped molecule. Each domain is a product of two 

"subdomains tlratWssess~common structurahmotifs: The 

principal regions of ligand binding to human serum albumin are 
located in hydrophobic cavities in subdomains IIA and IIIA, 
which exhibit similar chemistry. The structure explains 
numerous physical phenomena and should provide insight into 
future pharmacokinetic and genetically engineered therapeutic 
applications of serum albumin. 

PMID: 1630489 [PubMed - indexed for MEDLINE] 



ilHW Abstract 



Show: 



20 


id 


Sort 


3 



i' 



;;iSenH®F^^i 



File 



Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Human Services 
Freedom of Information Act | Disclaimer 



i686-pc-linux~gnu Dec 5 2002 17:42:24 



http://www.ncbi. nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed(6... 12/11/02 



Erftrez-PubMed 



Page 1 of 1 



NCBI 



PubllQed 



National 
Library r 
of Medicine I 



mm 



PubMed 



Nucleotide 



Protein 



Genome 



Structure 



PopSet 



PubMed 



Search 

About Entrez 
Text Version 



Entrez PubMed 
Overview 
Help I FAQ 
Tutorial 

New/Noteworthy 
E-Utilitles 

PubMed Services 
Journals Database 
MeSH Browser 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
LinkOut 
Cubby 

Related Resources 
Order Documents 
NLM Gateway 
TOXNET 
Consumer Health 

ClinicaLAIerts 

ClinicalTriaIs.gov 
PubMed Central 

Privacy Policy 



for 




LInnits 



Preview/Index 



History 



Clipboard 



Details 



^siSipl Abstract 



Show: 



20 



1 



Sort 



IISiiMitoaiFile 



n 1: Science 1989 Jun 9:244(4909): 1195-8 Related Articles, Links 

Three-dimensional structure of human serum albumin. 

Carter DC, He XM, Munson SH, Twigg PD, Gernert KM, Broom 
MB, Miller TY. 

National Aeronautics and Space Administration, Space Sciences 
Laboratory, Marshall Space Flight Center, AL 35812, 

The three-dimensional structure of human serum albumin has 
been solved at 6.0 angstrom (A) resolution by the method of 
multiple isomorphous replacement. Crystals were grown from 
solutions of polyethylene glycol in the infrequently observed 
space group P42(l)2 (unit cell constants a = b = 186.5 +/- 0.5 
A and c = 81.0 +/- 0.5 A) and diffracted x-rays to lattice d- 
spacings of less than 2.9 A. The electron density maps are of 

"high quality^ and feveare3~the~stru^cture "as'a 

alpha-helical globin protein in which the course of the 
polypeptide can be traced. The binding loci of several organic 
compounds have been determined. 

PMID: 2727704 [PubMed - indexed for MEDLINE] 



Abstract 



IE 



Show: 


20 


i 


Sort 1 





File 



Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Hunnan Services 
Freedonn of Information Act | Disclaimer 



i686-pc-Iinux-gnu Dec 5 2002 17:42:24 



http://www.ncbi, nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&... 12/11/02 




STIC-ILL 



From: 
Sent: 
T : 

Subject: 



Yu, Misook 

Wednesday, December 1 1 , 2002 9:43 AM 
STIC-ILL 

requesting article for 09/764,918 



Atomic structure and chemistry of human serum albumin. 
Nature. 1992 Jul 16;358(6383):209-15. 



Examiner Misook Yu, Ph.D. 
703-308-2454 (Phone) 
Art Unit 1642 
CM1-8E18(Room) 
CM1-8E12 (Mail Box) 



1 



ARTICLES 




1. vonKiedRMSfcia Angpw. Onem int Ed Engf. TA, 933-935(1986). 
Z ¥00 KiedrowAi G, Wlotzha 8. & HeWng. J. Angem. Chen mt Ea EngL 3a, 1235-1237 
(1989). 

a von Kiedrow*i. O, WloUJta 8, Hemtng. I Matzen, M. A Jordan. S 4ngBw. Cfiem. int EH Engl 
aOb 423-426 (1991X 

4 Tih*ua T.Btflestef.P. & Rebek k,llAm. cttetn Soc 112, 1249-1250 (1990). • 

5. Rbteno. V,Hor%l-t. 4 Rebek Jr. li>»ffictem Soc m 9422-9423 (1991). 

6. ^lowcKlS,Fc^«.Q,Tjh*ua^8aBcstef.P.ARe^)ekJ^.li4^lc^ 
(1991). 

7. Rebek Jr. J. Chen M lfl92(3X 171-174 (1992). 

a Hong. J.^, Feng. Q.llotelio.V.& Rebek Jr. iSderwe 255, 848-850 (1992). 
a Feng. Q,PakT.lt 4 Rebek Jr. A SciCfKe (in the pressX 

10. JoyiaGF, Schwartz. A. W,MaJer.SL&Orgel.l_tftDtteift^ 

(1987). 

U. Joyce.G F, in CoM Spring Hartnr Sym Quantitative Biole&, Vol UL 41-51 iCxHd Spring Harbor 

Prtjss. New York. 19871. ^ 
12. («zunaT.AWciss.A.Kin4cfrar«»OTCSrt)oh)*atBC^^ 

a S. & Horlon. OJ 173-227 (Academic. New York. 1974). 
la Bonner. W. A. Oriffns Ufe at 59-111 (1991). 

14. Jacques. J. Collet A. & Witen. S H Enantiomers. tecemarea and Resolutions (Krieger. Malabar. 
Florida. 1991). 

15 KondepudtO. It. KatIfman.ax&Sing^^LSc»eflce«(ll 975-976 (1990). 
16. Rtoronritz. 1 i. Heini. a & Deamer. D. W. Origins Ufe iB. 281-287 (19881. 
17 Ijjisi. P. L & Vafela. F. J. Origins Ufe 19, 633-643 (1989). 

la Bachmana P. A.. Walde. P.. Uitsi. P. L & Lang, J. J An chem. Soc 112, 8200-8201 
(1990). 

19 Bachmann, P. A, Lulsi. P. I. & Lang, I Nature 357. 57-59 (1992). 

20. Spiegelmaa & 0- «w Biophys 4. 213-253 (1971) 

21. BiebritJicr. C K. in Evolutionary Biotogy. Vd. 16 (eds Hechel M. K.. Wallace, a 4 Prance. G. T.) 
(nenum. New York. 1983), 

22. von Kiedrowski. a in 40 Jahre Ponds Her Oiemischen Iwftatrie 1950-1990, 197-218 (Verband 
der Oiemischen Industrie, Frankfurt 1990). 

23 von KiedrowskL a et at. Nachr. Chen Tech. Lsb. (in the press). 

24. Doutftia. J. A.. Couture. S & Szostak. J. W. Sctence 251, 1605-1610 (1991). 

25 Terfort. A. & von )^owskl & Angew. Chen int Ed En0. 3Htn the press). 

26. inoue. T. & OrgeL L E. J( 4fflL chem Soc 10% 7666-7667 (1981). 

27. Inoue. T. & Orgei. L. E. Strence 2t9i 8S9-862 (1983). 
28 T. & Orget. LE.XAn che/n Soc 114 (in the press). 

29. Acevedo. OLA Orgel. L E. 1 moiee BaL 197, 187-193 (1387). 



30 Ka«,CH. Zha«. X.. RaUW. R.. Moyzis. a & Ric^ A. mm 386^ 126-131 (1992). 

31. Chdiaa &Tai Y. Y. Pure appL Chen 58. 627-641 (1961). 

32. vtfi de Grffiipel. H T.. Tuin. O. Tan, Y. Y. & ChaOa C Macromotecofes 25, 1049-1056 
(1993). 

3a B*ardlD.aH&BamfonlC.HflrocH Soc A2» 384(1956). 

34. Banfordl C H. in Reactions art Ptifymers, Proe. NATO Athf. StuOy mu (ed. Moore. J. A.) 54-60 
{ReaOA Oor»ecM. 1973). 

35 Stta^K. Origins. A Sceptic's Guide to the Oeatian of Ufe on Earth iSumoix.^ 

36 Wilier. 0. et 0. Mehr. chin Acta 7X 1410-1468 (1990). 
37. Jb^a F. et at Wafure 810,602-604 (19841 

3a KB >. A. R,Nont L O, Orgpt. L 1 4 Robins. R K. i motet fwt 25. 170-171 (1989). 

39. Visscher. J: &S*warti. A. W.J moiee £wit 281291-293 (1987). 

40. Karada K. & Orgel. L E- Origfns life 2a 151-160 (1990). 

41. Karada K. & Crgd. L a i mollec &ot aa, 358-359 (1991). 

42. &a*. A. EWer. K. W. 4 Orget L E. Jl motec M a 307-310 ;i976). 

43. Jbye».aF.40rgetL a i motec aw. m 433-441 (1986). 

44. Joyce, a F.. tnoue. T. 4 Orget L a Jt motec Biol 176, 279-306 (1984). 

45. Ei0ea M. AtatunKissenscfiaften Sft 465-532 (1971). 

46. Kaufmam, 5. A. i theor. Stol lift 1 (1986), 

47. wachtershSuser. a hSerobioL Rev. 52, 452-484 (1988). 

48. Oe Olive. C. ahicprntj for a C^: The Nature and Origin of Ufe (PaUerson. Burlington. North 
Carolina. 1991). 

49. von KiedrowsfcL & ef ai Oriffns Life 22 (in the press). 

50 Cairns-Si™th.A.aGfeneter*eoversrK(theM»iCfafOr(g£nso/Ute 

51. Caims-Smtth. A. a 4 Davies,C. 1 in Ericycfopaedia of Ignorance (eds Duncaaa 4 WestorvSmith. 
M.) 391-403 (Pergamon. Oxford. 1977). 

52. Weber, A. L Origins Ufe IT, 107-119 (1987). 
53 Orget L E. i mofec Biol. 38, 381-393 (1968). 

54. Weber. A. L Origins Ufe 1ft 179-186 (1989). 

55. Netsesluea a L i motec Evot IS. 59-72 (1980), 

56. Schwartz. A. W. 4 Orgel. L a Science 22ft 585-587 (1985). 

57. Egholm. M.. BucJiardt 0, Nietsea P, E. 4 Berg. R H. i An chem. Soc 114, 1895-1897 
11992). 

58. Bosscher. F.. Ten Bnrtter. a & Challa G, Macromotecules 1ft 1442-1444 (1982). 

ACKNOWl£D(SEMENTS. I thank A. Wd)er tor drawing my attention to titeratiffe on template^ected 
vinyl pdymerizattons. A. HiM for drawing the figures and S. Bailey for manuscript preparation. This 
work was supported by NASA and NSCORT NASA. Figure 6 is reprinted with permisskm from ref . 58. 



ARTICLES 



Atomic structure and chemistry of human 
s rum albumin 



Xiao Min He & Daniel C. Carter* 

The Space Science Laboratory, ES76 Biophysics, Marshall Space Right Center. Huntsville. Metoam a 35812. ISA 

The three-dimensional structure of human serum albumin has been determined crystallographicaUy 
to a resolution of 2^ A. It comprises three homologous domains that assemble to form a heart-shaped 
m lecule. Each domain is a product of two subdomains that possess common structural motifs. The 
principal regions of ligand binding to human serum albumin are located in hydrophobic cavities in 
subdomains ilA and lilA, which exhibit similar chemistry. The structure explains numerous physlcaj 
phenomena and should provide insight into future pharmacokinetic and genetically engineered 
ttterapeutic sqipiications of serum albumin. 

in the facilitated transfer of many ligands across organ-circula- 
tory interfaces such as in the liver, intestine, kidney and brain , 
and evidence suggests the existence of an albumin cell surface 
receptor^. In addition to blood plasma, serum albumins are also 
found in tissues and bodily secretions throughout the body; the 
exiravascular protein comprises 60% of the total albumin. Unlike 
AFP or Gc, albumins are not glycosylated and play no role in 
immunosuppression. Human scrum albumin (HSA), a protein 
of Mr 65K, consists of 585 amino acids. Its amino-acid sequence 
contains a total of 17 disulphide bridges, one free thiol (Cys 34), 
and a single tryptophan (Trp2l4). The disulphides are posi- 
tioned in a repeating series of nine loop-link-loop structures 
centred around eight sequential Cys-Cys pairs. A total of 61% 
of the amino-acid sequences are conserved among the known 



The serum albumins belong to a multigene family of proteins 
that includes a-fetoprotein (AFP) and human group-specific 
component (Gc) or vitamin D-binding protein. They are rela- 
tively large multi-domain proteins which, as the major soluble 
protein constituents of the circulatory system, have many physio- 
logical functions. The albumins contribute significantly to col- 
loid osmotic blood pressure and aid in the transport, distribution 
and metabolism of many endogenous and exogenous ligands. 
These ligands represent a spectrum of chemically diverse 
molecules, including fatty acids, amino acids (notably tryp- 
tophan and cysteine), steroids, metals such as calcium, copper 
and zinc, and numerous pharmaceuticals. They are implicated 

* To whom correspondence should be addressed. 
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^illustrate the difierences and st™'*""?^*";^ sGbdomain HA 

i£taIo-LM"& 
S'M"a2S^anTtha'^^^^^^^^ 

SxVlaJe group '"te/Jf ^^f^J^SbS 
f„diswithin~4.0AofHis242.^e*^^^ ^i.^ crty 

SSr^nioiofthe^^^^^^^ 
against Pro 384. *jSydrocart,onc 
^^^"'^'".^'''^foxS^nSacts primarily with Arg410. 

Alth ughthechemistnr "l^^ifflSes in the location of 
to *al of HA. *ere a^mark^ located in ti«t paj 

^ uit/fn\- whereas in lUA, " « _ .—-U aromatic 

and h6(ll)), ^"f.^^ .-jd -derivatives or other smau » 
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Pt 
Pt 
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03878 
0.0^ 
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0.0797 
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RuCl2 
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Ru 

Ru 

Ru 

Pt 
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Hg 
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0.0819 
0.0556 
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01827 

0.0830 

0.0578 

0.3429 

01547 

0.0784 

01003 

0.1916 

01039 

01535 

0.2499 

0.1665 



0.2716 
03756 
0.4554 
0.4376 



Z 

01498 
0.2275 
0.3037 
0.0803 



0.0660 
0.0615 
01397 
01718 



0.1378 
0.0751 



0.0720 
01289 
0.2112 
0.4413 



1.07 
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0.77 
0.79 
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0.91 
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0.3892 

0.1443 
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0.27 
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0.U 
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0.64 
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0.66 
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0.20 
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0.14 
0.14 
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0.69 
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017 
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0.26 
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4.0 
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RG.1 a. Omit map produced 
from the deletion of a helical 
motif {residues 196-272) 
from the model (| of the 
structure), the difference ' 
map is shown 3^3.2 A wlth^_,^ 
a I.Sct- contour ievei (cr^is.' r 
the square root of; the map \ 
variance), b, 2F^r\F^ieAeC' :\ 
tron density of the helicial 
region from residues 344- 
355of rHSAat ZS A, 
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C0 ''^ 




lA IC 2A 2C. 3A and 3C^^. Three of these loops. 1, 4 and 7 are each 
supplemented by an additional, but smaller disulphide double loop (2, 5 and 
8 respectively). CorsequenUy the combinations of loops 1 and 2. 4 and 5. 
7 and 8 represent the three A subdomains (lA, IIA and IIIA) and loops 3. 6 
and 9 the B subdomains (B. I® and II©). The two largest helices in the 
stnw^ure occuTat the interdornain connections (tB^IIA-and UB-lilA) and- 
represent the merged C-terminal and N-terminal helices of both domains. 

^ rather than 30. 



R& 3 £1 Ribbon diagram of domain IK Disulphides are snovm in red. The 10 
prindpal helices in each domain are labelled as hi to hlO. ft Topological 
illusuation of a typical domain in HSA. The shaded areas represent the 
common structural moUf shared by all six subdomains. This motif is charac- 
-terized by a short helix (ora short stretch of.helix for.subdon^^^^^ 
IIIA) followed by three consecutive antiparallel long helices tied together by 

a^ir of disu^.hide bridges. The principal portion^crf ea* sub^ ^^^^^S«^Sc^te^ " 

fofmed by one of the six larger disulphide doifile^pc^ . 
sequence, often referred to in the literature,g^^P^|gtj^;^^^ii^Bfti^^ 



Fia 4 4 stereo view of subdomain nAj| 
illustrating the chemistry of ligand binb|^| 
ing; a-Cart)ons are shown in gr^n^^' 
hydrophobic residues in yellow aridi.^ 
hydrophittc residues in red (see text). .Thej;f 
difference density {F^-FX ^^^^^i 
represents the measured structure fac-; ' 
tors for the TIB complex. f„ is the naUwsJ 
data and the phases, a are from tte^ 
mode!) for TIB is shown contoured at 4orj;i 
The N and C termini are located in thu, J 
lower and upper left-hand sides of J| 
figure, respectively. Lys 199 and His 242:^1 
^are.locaied at.the bottomjifjhejfeui^ 
b. Stereo view of domain HIA iilustratln^| 
the chemistry of TIB binding. Colour| 
. scheme anb contour of electron densi^| 
are the same as In a The N and C termiro4, 
are located in the lower and upper right^ii 
hand side of the figure. respecttvely||| 
Arg410 and Tyr 411 are shown In rs»fi.|il 
at the upper left side of the TIB bindir«5^! 
site. The bimfing pockets are accessed^;| 
throu^ operungs of —10 A in diameter^ 
between helices hi and h2. Except for || 
three to four residues in the cavities and|| 
those surrounding the opening, thek,/ 
pockets are lined with hydrophobic 
residues. For IIA these hydrophobic^^ 
residues are Uu 20a Phe 211. Tip 214.^| 
, Ala215. Leu 219. Phe223. l£u23*^ 
Val235. Lfiu238. Val241. Leu2e0;J 
Ala 261. He 264. lie 271. Leu 2^5 andl. 
He 290. The principal hydrophobic^^ 
residues in IIIA are Pro 384. LeuaST;^!] 
Item Phe395. Leu407. Val415.|||i 
VaI4ia Leu 42a Val426. Leu 430. 
Val433. Leu 453. Val456. Leu457..-iJ 
Uu46a Va!473 and Phe488. These '| 
hydrophobic residues form a focal point 
around Lys 199 and rts242 in tIA and^i:^: 
Tyr 411 and Arg410 in IIIA These | 
figures were produced u®'*'^! 
TOM/FROOO^. 
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TAB£2 L^and binding loeations to HSA 











Observed 


USand 


0 


N 


Rf 


location 


Aspirin 


4.0 


7362 


0.11 


IIAUIA 


Warfsfn 


5.0 


2555 


0.167 


ItA 


Diazepam 


&8 


2075 


0J18 


(ilA 


Digitoodn 


ao 


3751 . 


0.137 


niA 


Clofiirate 


ao 


2175 


0138 


IIIA 


(buprofen 


6.0 


2402 


0.215 


UIA 


Azr 


4.0 


7548 


0124 


IIIA 




4.0 


6334 


019 


ilAIIlA 


DIS 


4.0 


4734 


0.20 


IIAtltA 


TIB 


4JQ 


5431 


012 


IIAUIA 



Ugand-HSA complexes aid X-ray diffraction data were obtained In a 
manner as pievlousty described in Table 1. The obsened locations refer to 
the primary binding sites. 

Di Resotutkm or d-spadns A. 

A( Number of paired tffdqiie reflections with F> Sa. 

AZT. 3'-Azido-a'-deoxythymidine. 
IS. 5-todosalicytic acid. 
Ota aS-OPodosalicytic add. 
TIE 233-Tr8odobenzo&: acid. 



compounds are compared with TIB, there are differences in the 
rientation of the aromatic rings and in the details of the inter- 
actions of the carfooxyl groups depending on the substitutions 
in the aromatic rings. But in general we found that all of the 
compounds listed in Table 2 were bound in the same locations, 
within the respective subdomains with similar chemistry. 

Discussion 

The structures of HSA and rHSA have been determined crystal- 
lographically. The higher diffracting monoclinic rHSA crystal 
is virtually identical with the tetragonal HSA structure. Recently, 
crystals of the monodinic form of comparable quality have been 
produced with HSA, which indicates that the observed structural 
differeuMsmay be attributedto^ ctj^tilpacldng fbrcesTTh^e" ~ 
crystals should provide an avenue for future high-resolution 
refinement of the structure and its complexes. Subsequent dis- 
cussion, however, will be limited to the crystallographic structure 

f tetragonal HSA, which explains numerous phenomena 
t^garding the structure and chemistry of serum albumiiL For 
example, the crystal structure explains why ligands bound to 
d main HI affect conformational changes, as well as binding 
affinittes, in domain H, because the binding subdomains share 
a common interface. Trp2t4, conserved in mammalian 
albumms, plays an important structural role in the formation 

f the IIA binding site by limiting the solvent accessibility, and 
it participates in an additional hydrophobic packing interaction 
between the IIA and IIIA interface. Both Lys 199, which can 
be ace^lated by aspirin^*^, and Tyr 41 1, which can be esterified 
by p-nitrophenyl acetate^^^, are located in the primary binding 
pockets dose to bound ligands. It is now understandable why 
proteolytic cleavage of HSA would produce two halves of the 
molecule that can reassodate in solution, thereby restoring the 
binding properties of the intaa albumin^. In addition, the 
amino-add sequences of serum albumin recognized by the pro- 
teases, trypsin and pepsin, lie on the surface of the molecule in 
flexible solvent accessible inter-subdomain connections. 
Similariy, a variety f rare, naturally occurring single-site point 
mutati ns of HSA identified by anomalous electrophoretic 
migration are 1 cated on the surface of the molecule and exposed 
to soWcnt'^l 

ligand binding t albumin has been studied for ver 50 years. 
Generally, serum albumin has a greater affinity f r small, nega- 
tively charged hydroph bic molecules. In this regard it is notable 



that serum albumin is the principal carrier of fatty adds in the 
blood which are otherwise insoluble. On the basis f studies 
with prote lytic fragments f b th human and b vine serum 
albumin^, the prindpal binding site f r 1 ng-chain fatty-adds 
has been shown t ccupy the third d main. In a similar manner, 
the high-affinity site for bilirubin has been isolated in domain 
11^'. Thus, one can infer that the primary long-chain fatty-add 
and bilirubin-binding sites reside within IIIA and IIA, respec- 
tively. Cys 34, the single free thiol of HSA, is the location of 
bound cysteine and glutathione^, and also forms complexes 
with various mercurial and gold compounds, such as the anti- 
arthritic auranofin^. In the structure, Cys 34 is partially protec- 
ted from the solvent, located in a turn between helices h2(l) 
and h3(I). The strong binding of other meuls, such as Cu(II) 
and Ni(n). occurs only in albumins with a histidine at residue 
Unfortunately, in both crystal structures, residues 1-3 were 
not observed in the electron density, which suggests that this is 
a flexible region of the molecule. 

The absence of observed ligand binding by homologous sub- 
domain lA can be explained by the structural differences 
between this subdomain and subdomains IIA and IIIA. In lA 
there is a region of extended poplypeptide after Cys 62, which 
allows helix h4(I) to adjust its packing interaction with h3(I) 
(which is near zero degrees in equivalent helix pairs, such as 
h3(II) and h4(II)), thereby effectively eliminating the potential 
binding pocket. 

Serum albumin has long been used as a model protein and 
served numerous applications in both industrial processes and 
academic research areas. Current advances in recombinant tech- 
nologies, coupled with a more complete understanding of 
albumin structure and function, should provide for a greater 
abundance of future applications. Accordingly, with the wealth 
• of drug and ligand binding data, researchers should now be in 
a position to understand and predict ligand displacement inter- 
actions for a variety of endogenous and exogenous ligands. In 
this regard, IS, DIS and TIB should prove to be valuable tools 
in future ligand/drug displacement studies. Moreover, the struc- 
ture should provide a basis for modifications of the protein to 
carry therapeutic or diagnostic agents, and create smaller pro- 
teins with enhanced binding activities for a variety of applica- 
" tions. 
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A double-sided radio jet from 
the compact Galactic Centre 
annlhilator 1E1740.7-2942 

I. F. Mirabel*, L. F. Rodriguezt, B. Co^Ger^ J. Paid* 
&F.Leiirun* 

* Service (j'Astrophysique. Centre d'Etudes (te Saclay, 
91191 Gif -sur-Yvette, France 

t Instituto de Astronomia (JNAM. Apartado Postal 70-264. 
04510 Mexico, DF. Mexico 

Recent observations'*' with tlie y-ray telescope SIGMA, on the 
GRANAT satellite, indicated that the haid X-ray source 
1E1740.7-2942 may be the source of the stronger oatborsts of 
511-keV electron-positroo annihilation radiation from the Galac- 
tic Centre region\ We have observed this source using the Very 
Large Array, and find that its radio strnctore Is that of a doable- 
sided jet enunatihgfrom~a~<^mpact and variable core. The changes' 
in flux density and spectral index of the core are correlated with 
variations in the hard X-ray output. The Jets are ^mmetrical about 
the core, and end in edge-brightoied radio lobes; they are probably 
a remit of synchrotron emission of electrons and positrons from 
the compact core. Our obsenratioo suggest that 1E1740.7-2942 
is a *mlcroquasar* stellar remnant near the Galactic Centre, which 
ejects positrons that travel more than a parsec before slowing and 
annihilating in the interstellar gas. 

After the first observations with SIGMA, we initiated radio 
monitoring, at several wavelengths, of 1E1740.7 - 2942, the 
dominant hard X-ray source (^30keV) near the Galactic 
Centre"*. The hard X-ray spectrum in its normal state resembles 
that of Cygnus X-1, one of the best candidates for an accreting 
black hole of stellar mass. During 13-14 October 1990, SIGMA 
detected a burst in the 300-600-k?V energy range which has been 



interpreted as annihilation of positrons in a hot medium of 
temperature -40 keV; this is consistent with the temperature of 
the accretion disk derived from the X-ray continuum spectrum^. 
Subsequently it was proposed''^ that in addition this high-energy 
source injects positrons into a molecular cloud where they slow 
down and annihilate to produce the narrow component of the 
SU-keV line emission. 

Our radio observations were done with the Very Large Array 
( VLA) at New Mexico, USA, during 10 periods of observation 
as part of a continuing monitoring programme coordinated with 
hard X-ray observations from space with GRANAT. The epoch 
of the VLA observations of 1E1740.7 - 2942, the array configur- 
ation, and the wavelengths observed are listed in Table 1. We 
have calibrated and analysed the VLA archive data of 1 Et740.7 - 
2942 for October 19S8 and March 1989. For all observations we 
have used a bandwidth of 100 MHz. The absolute amplitude 
calibrator was 1328+307 and the phase calibrator 1748-253, 
whose ^bootstrapped* fiux densities at 20, 6 and 3.6 cm were in 
the ranges of 1.13-1.17, 0.47-0.50 and 0.27-0.28 Jy, respectively. 

After our first period of observation (August-September 1991 ) 
we noted a change of a factor of four in the flux density of a 
compact radio source seen projected inside the 12" error circle^ 
of 1E1740.7 - 2942. The position of this unresolved source is: 
d(1950)-17h 40min 43.01s, 5(1950) = -29*^43' 25.5". By 
analysing source counts^ in radio surveys, we estimate that the 
probability is about U.3% that a radio source with a fiux density 
of 0.4 mJy is an unrelated background radio source in the 12" 
error circle of the X-ray source. 

In Fig. 1 we compare the time variations of this radio compact 
source at wavelength 6 cm with the changes observed in 
1E1740.7 - 2942 by SIGMA* at hard X-ray wavelengths (1990- 
92) and by HEXE on the Kvant module of the MIR station'** 
(20-21 March 1989). Because no significant day-to-day vari- 
ations of the radio flux were detected, multiple observations 
during intervals smaller than a week were averaged and are 
represented in Fig. 1 by a single point. Variations by factors of 



FIG. 1 VLA radio flux densities (•) at 6 cm 
wavelength of the radio core compon^t and hard 
X-rays measured by SIGMA (O) and by HEXE on 
MIR (O) between March 1989 and April 1992. 
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